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[Name of Document] Specification 

[Title of Invention] Focus servo system and optical recording/ 

reproducing apparatus 

[Claims] 

/ 

[Claim 1] A focus seryb system comprising: focusing means 
for focusing a light beam on a recording medium having plural 
recording/reproducing. £aces which* are laminated; moving means 

* 

for moving a focal point of the light beam focused by the focusing 
means in a direction substantially perpendicular to the 
recording medium face; focusing state detecting means for 
generating a signal corresponding to a focusing state of the 
light beam on the recording medium; initial lead-in face 
detecting means for driving the moving means at the starting 
or resuming of the apparatus , and detecting 

recording/reproducing face of the recording medium which is 
reached first by the focal point of the light beam when the 
focusing 'means goes away from the recording medium after 

approaching £he recording medium or when the focusing means 

»■ ■ *. 

approaches the recording medium after going away from the 
recording medium; and focus control means for driving the moving 
means in response to an output signal from the focusing state 
detecting means and controlling the light beam so that the light 
beam is focused at an approximately fixed position on the 
recording medium, said focus control means being driven in 
response to a signal from the initial lead-in face detecting 



-2- 

means • 

[Claim 2] A focus servo system comprising: focusing means 
for focusing a light beam on a recording medium having plural 

recording/reproducing faces which are laminated; moving means 

/ 

for moving a focal point of jthe light beam focused by the focusing 

means in a direction substantially perpendicular to the 

/ 'i 

recording medium face/ focusing state detecting means for 
generating a signal corresponding to a focusing state of the 
light beam on the recording medium; focus control means for 
driving the moving means in response to an output signal from 
the focusing state detecting means and controlling the light 
beam so that the light beam is focused at an approximately fixed 
position on the recording medium; and focus jumping means for 
driving the moving means by switching the state of the focus 
control means from an operation state into a non-operation state 
.and moving the focal point of the light beam from a 
recording/reproducxng face to another recording/reproducing 
face on the recording medium, said focus jumping means 

. y. 
" t. 

comprising: accelerating/decelerating means for accelerating/ 
decelerating moving speed of the focal point of the light beam 
on the basis of the signal from the focusing state detecting 
means; and jumping lead-in means for detecting a recording/ 
reproducing face of a moving destination on the basis of a 
prescribed level reached by the signal from the focusing state 
detecting means , and re-operate the focus control means. 



r 
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[ Claim 3] The focus servo system as defined in claim 2 
comprising: S signal measuring means for measuring an amplitude 
of a signal from the focusing state detecting means at every 
passing of the focal point of the light beam through the recording 
medium when the moving means* is driven at the starting or resuming 

» 

of the apparatus and the focusing means goes away from the 
recording medium after / approaching the recording medium or 
approaches the recording medium after going away from the 
recording medium; gain change means for changing a gain of the 
focusing state detecting means in accordance with the amplitude 
measured by the S signal measuring means so that the gain is 
optimum for each recording/reproducing face; and the jumping 
lead-in means detecting that the focal point of the light beam 
reaches each recording/reproducing face on the recording medium 
by a prescribed level which is reached by a signal from the 
focusing state detecting means passing through the gain change 
'''means, in' accordance' with the amplitude measured by the S signal 

measuring means, and re-operating the focus control means. 

. /, 
■ ii 

[Claim 4] The focus servo system as defined in claim 2 
wherein amplitudes of an acceleration signal and a deceleration 
signal which are generated by the accelerating/decelerating 
means or integrated values of the amplitudes has a relationship 
given by the amplitude of the acceleration signal or the 
integrated value thereof > the amplitude of the deceleration 
signal or the integrated value, when the focal point of the light 



T 
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beam moves from a surface to an inner part of the recording medium, 
and the amplitude of the acceleration signal or the integrated 
value thereof < the amplitude of the deceleration signal or the 
integrated value when the focal point of the light beam moves 
from the inner part to th|S surface of the recording medium. 

[Claim 5] A focus servo system comprising: focusing means 
for focusing a light b§&m on a recording medium having a track 
on which a concave signal and a convex signal in a pit part and* 
a mirror part are recorded in advance; first signal detecting 
means for detecting a signal increasing when the light beam 
focused by the focusing raeans is shifted toward a positive 
direction with relative to the recording medium; second signal 
detecting means for detecting a signal increasing when the light 
beam focused by the focusing means is shifted toward a negative 
direction with relative to the recording medium; first and second 
peak hold-means for peak holding parts corresponding to mirror 
^ parts bfvthe first and second signal detecting means; first 
focusing sta^e detecting means for generating a signal 
corresponding to a focusing state of the light beam on the 
recording medium by the first and second peak hold signals; 
moving means for moving a focal point of the light beam focused 
by the focusing means in a direction substantially perpendicular 
to the recording medium face; and focus control means for driving 
the moving means in response to an output signal from the first 
focusing state detecting means and controlling the light beam 
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so that the light beam is focused at an approximately fixed 
position on the recording medium. 

[Claim 6] The focus servo system as define in claim 5 
comprising: tracking control means for controlling the light 
beam so that the light beam scans the track correctly on the 
recording medium; and second focusing state detecting means for 
generating signal corresponding to& focusing state of the light 

■ 

beam on the recording medium by the first and second signal 
detecting means, wherein at starting of the apparatus or seeking 
of a prescribed track, the focus control means is driven in 
response to output from the first focusing state detecting means 
when the tracking control means is turned off, and the focus 
control means is driven in response to output from the second 

focusing state detecting means when the tracking control means 

, *■ 

is turned on. 

[Claim 7] ,An optical recording/reproducing apparatus 
comprising: focusing means for focusing a light beam on a 

4 

recording medium having plural recording/reproducing faces 
which are laminated: first moving means for moving a focal point 
of the light beam focused by the focusing means in a direction 
substantially perpendicular to the recording medium; second 
moving means for moving the focal point of the light beam focused 
by the focusing means in a direction substantially perpendicular 
to the recording medium and the track; focusing state detecting 
means for generating a signal corresponding to a focusing state 
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of the light beam on the recording medium; track error detecting 
means for generating a signal corresponding to a positional 
relationship between the focal point of the light beam on the 
recording medium and the track; focus control means for driving 
the first moving means in response to an output signal from the 

» 

focusing state detecting means and controlling the light beam 
so that the light beam/is focused.Vat an approximately fixed 
position on the recording medium; tracking control means for 

t 

driving the second moving means in response to an output signal 
from the track error detecting means and controlling the light 
beam so that the focal point of the light beam scans the track 
correctly on the recording medium; and focus jumping means for 
driving the moving means by switching the state of the focus 
contro ; l means from an operation state into a non-operation state 
and moving the focal point of the light beam from a 
recording/' reproducing face to another recording /reproducing 
^ face ori the recording medium; and further comprising: learning 
means for driving the focus control means and the tracking 

, /. 

control means on each recording/reproducing face of the 
recording medium at starting of the apparatus , and learning and 
selecting a set value which is necessary in each control means; 
and storing means for storing the set value, wherein said 
learning means selects the set value corresponding to a 
recording/reproducing face of a moving destination which is 
stored in the storing means when the learning means is moved 



on the recording/reproducing face by the focus jumping means 
after completion of the learning on each recording/reproducing 
face. 

[Claim 8] The optical recording/reproducing apparatus as 

y 

defined in claim 7 wherein the learning means comprises: 
eccentricity measuring means for measuring an eccentricity on 
each recording /reproducing face of the recording medium; and 
eccentricity correction value calculating means for calculating 
a correction value to be added to or subtracted from a signal 
from the tracking control means on the basis of a value measured 
by the eccentricity measuring means, the set value in the 
learning means being information calculated by the eccentricity 
correction value calculating means. 

[Claim 9] The optical recording/reproducing apparatus as 
defined in claim 7 wherein the learning means comprises: focus 
offset measuring means for calculating an offset of the focus 
"control means by an amplitude, a jitter, an error rate, or C/N 
of a reproducing signal on each recording/ reproducing face on 

- it 

the recording medium; and focus offset correction means for 

* 

correcting the offset by performing addition or subtraction to 
the signal from the focus control means on the basis of the offset 
value of the focus offset measuring means, set value in the 
learning means being the correction value of the focus offset 

correcting means . 

[Claim 10] The optical recording/reproducing apparatus as 
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def ined in claim 7 wherein the learning means comprises : tracking 
offset measuring means for calculating an offset of the tracking 
control means by a reproducing signal or a signal from the track 

error detecting means on each recording/ reproducing face on 

/ 

the recording medium; and tracking offset correcting means for 
correcting the offset by performing addition or subtraction to 
the signal from the tracking contrfel means on the basis of the 
offset value of the tracking offset measuring means, the set 
value in the learning means being a correction value of the 
tracking offset correcting means. 

[Claim 11] The optical recording/reproducing apparatus as 
defined in claim 7 wherein the learning means comprises: gain 
measuring means for measuring a loop gain of the focus control 
means <qr the tracking control means; and gain change means for 
changing the loop gain of the focus control means or the tracking 
control means on the basis of a signal from the gain measuring 
means so as to have ah optimum value, the set value in the learning 
means being a .change value which is set by the gain change means . 
[Detailed Description of the Invention] 
[0001] 

[Applicable Field in the Industry] 

The present invention relates to an optical recording/ 
reproducing apparatus which optically records signals on a 
recording medium using a light beam emitted from a light source 
such as a laser and reproduces the recorded signals. More 



-9- 

specif ically, the invention relates to a focus servo system for 
controlling a focusing state of the light beam irradiating the 
recording medium so that the light beam is focused on a prescribed 
position of the recording medium, and further relates to the 
optical recording/reproducing apparatus equipped with the focus 
servo system. 

[0002] / ,/ 

» 

[Prior Art] 

As a prior art focus servo system, there is an optical 

recording/reproducing apparatus in which a light beam emitted 

from a light source such as a semiconductor laser is focused 

on a disk type recording medium rotating at a prescribed rotating 

speed, and signals are recorded on or reproduced from the 

recording medium. The recording medium has spiral or concentric 
* 

micro-tracks having a width of 0.6 jum and a pitch of 1.5 pm. 
irf order to record signals on the tracks or reproduce signals 
recorded, on the tracks, focusing of the light beam irradiating 

the recording^ medium is controlled so that the light beam is 

. * 

•• »« 

focused on a prescribed position of the recording medium in these 

* 

optical recording/reproducing apparatus . 
[0003] 

Figure 16 is a block diagram illustrating a simple structure 
of a recording/reproducing apparatus including the prior art 
focus servo system. Hereinafter, the prior art focus servo 
system will be described with reference to figure 6. 
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[0004] 

As shown in the figure, the prior art recording/reproducing 
apparatus comprises a light source 1 such as a semiconductor 

laser, which is an optical system for emitting a light beam 8 

/ 

toward a disk 7 as a recording medium, a coupling lens 2, a 

» 

polarization beams splitter 3, a polarizing plate 4, a focusing 

4 

/ 

lens 5, and a disk motor 7 6 for rotating the disk 7 at a prescribed 
rotating speed. The light beam 8 emitted from the light source 
1 is collimated by the coupling lens 2. Then, after the 
collimated beam is reflected by the polarization beam splitter 
3, the light beam travels through the polarizing plate 4 and 
is focused by the focusing lens 5 on the disk 7 rotated by the 
disk motor 6* 
[0,005] 

This recording/reproducing apparatus further comprises a 

/- ' >::'-. 

condenser lens $ and a split mirror 10 as elements for receiving 
a light b'feam reflected at the disk 7. The light beam reflected 

4 

. \ 

at the disk 7 /travels through the focusing lens 5, polarizing 

■'"t; 

plate 4, the polarization beam splitter 3, and the condenser 
lens 9, and is split into light beams 11 and 15 in two directions 
by the split mirror 10. The light beams 11 and 15 are applied 
to a focus servo system and a tracking servo system, 
respectively. 
[0006] 

The focus servo system comprises a two-element 
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photodetector 12, preamplifiers 13A and 13B, a differential 
amplifier 14, a phase compensation circuit 18, a linear motor 
19, a switch 33, a driving circuit 35, a focus control element 
(focus actuator) 36, a logic circuit 40, a comparator 41, and 
a chopping wave generator 4^. The photodetector 12 has two light 
responsive parts A and B. Output signals from the light 
responsive parts A and £ are amplified by the preamplifiers 13A 
and 13B, respectively, and input to the differential amplifier 
14. Here, a knife edge detection is realized by the condenser 
lens 9 and split mirror 10, and a signal output from the 
differential amplifier 14 is a focus error signal (FE signal). 
[0007] 

The phase of the FE signal in the focus servo system is 
compensated by the phase compensation circuit 18, and input to 
the driving circuit 35 through the switch 33 for closing a loop 
of, the focus servo system. When the focus servo system is closed 

by the switch 33, the driving circuit 35 amplifies the FE signal 

< 

output from tke phase compensation circuit 18 and sends the FE 

»■ 

signal to the focus control element 36. In this structure, when 
the focus servo system is in the closed state, the focus control 
element 36 is driven so that the light beam is always focused 
on a prescribed position of the disk. In addition, an output 
signal from the chopping wave generator 42 is also input to the 
switch 33. Further, the FE signal is also input to the logic 
circuit 40 through the comparator 41. The logic circuit 40 



controls the opening and closing operation of the switch 33. 
[0008] 

The linear motor 19 moves the focusing lens 5, the focus 
control element 36 , the polarization beam splitter 3 and the 

* 

like in the direction transverse to the tracks on the disk 7, 
and is normally operated when a focal point of the light beam 
is moved to a prescribed track. 
[0009] N 

On the other hand, the light beam 15 split by the split mirror 
10 is input to the two-element photodetector 16 in the tracking 
servo system. The photodetector 16 has two light responsive 
parts C and D, and a difference output signal between output 
signals from the respective light responsive parts C and D 
becomes a track error signal (TE signal) for controlling the 
light beam on the disk 7 to correctly scan the tracks. Since 
tfie present invention does not directly relate to the tracking 

servo, detailed description is omitted here and necessary 

< 

description is made in a part of embodiments . 
[0010] 

In the recording/reproducing apparatus with the focus servo 
system having the above-mentioned structure, the focus servo 
is performed as described in the following. 

[0011] 

Initially, the disk 7 is rotated by the disk motor 6. When 
a prescribed rotating speed is reached, the switch 33 selects 
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the chopping wave generator 42 , and the focus control element 
36 is driven in response to a signal from the chopping wave 
generator 42 , whereby the focusing lens 5 is moved up and down, 
i.e., in the direction perpendicular to a recording face of the 
disk 7. Therefore, the fog^al point of the light beam on the disk 
7 is moved up and down. At this time, an S-shaped FE signal 
(hereinafter referred /to as S signal) which appears when the 
focal point of the light beam passes through the recording face 
is detected by the comparator 41. By the detection of the S 
signal, the logic circuit 40 can know whether the focal point 
of the light beam is positioned in the vicinity of the recording 
face or not. When the focal point is positioned in the vicinity 
of the recording face, the logic circuit 4 0 controls the switch 
33 to. select the phase compensation circuit 18. In this way, 
the focus servo loop is closed, and the focus servo (focus 
lead-in) "is performed so that the light beam is focused on a 
^prescribed optimum target position. 
[0012] y ; 

* ll 

The focus lead-in operation will be described with reference 
to figures 17, 18, and 19. Figure 17 illustrates a waveform of 
a focusing lens driving signal and a waveform of S signals 
appearing in an FE signal at the focus lead-in. Figure 18 
illustrates a waveform for explaining the relationship between 
the focus lead-in level and the S signals which appear in the 
FE signal at a protection film at the surface of the disk 7 and 
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at a recording film when the focusing lens 5 approaches and goes 
away from the disk 7. Figure 19 is a simple flowchart showing 
a fundamental focus lead-in procedure in the focus servo system. 
[0013] 

As shown in figure 19^ when the recording/reproducing 
apparatus is turned on, the disk motor 6 is turned on and the 
disk 7 is rotated in s£ep S21. Wljen the disk 7 reaches a 
prescribed rotating speed, the light source 1 is turned on and 
for example, the semiconductor laser emits light in step S22. 
Subsequently, the linear motor 19 is driven to move the focusing 
lens 5 toward the inner circumference of the disk 7 in step S23. 
When the above-mentioned initial operation is ended, the focus 
lead-in operation is started • 

[0014] 

First, as shown in figure 17, the focusing lens 5 is moved 
down away "from the disk 7 in response to an output signal from 

^the chopping wave generator 42 in step S24, Then, the focusing 

<■ 

lens 5 is movecfcup toward the disk 7 in step S25 . While repeating 

. j. 

*• 

the up and down movement of the focusing lens 5, it is detected 
that the S signal reaches a prescribed lead-in level in step 
S26. After the prescribed lead-in level is reached, the logic 
circuit 40 controls the switch 33 to select the phase 
compensation circuit 18, and the up and down movement of the 
focusing lens 5 is stopped in step S27. Then in step S28, the 
focus servo system is turned on, the focus lead-in operation 
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is ended , and the focus servo is started. 
[0015] 

The detection level (lead-in level) of the comparator 41 
for the focus lead-in is normalized by the amplitudes of the 
S signals which are output .fiue to the reflection at the recording 
film of the disk 7 and the reflection at the protection film, 

* 

respectively. As shown in figure! 8 , the lead-in level is set 
within a linear interval that is larger than the peak of the 
S signal at the protection film and between the peak of the S 
signal at the recording film and the zero level. 
[0016] 

[Problems to be solved by the Invention] 

In this way, the focus servo lead-in operation is realized 
in the prior art focus servo system. 
[0017] 

When the prior art lead-in process is applied to large 

capacity'disks having two or more recording/reproducing faces 

\ 

on one side as shown in figure 5, an S signal appears at every 
passing of the focal point of the light beam through each 
recording/reproducing face, so that the S signals as many as 
the recording/reproducing faces appear when the focusing lens 
is moved up and down during the focus lead-in operation. For 
example, in a dual-layer disk, as shown in figure 6, in addition 
to a small S signal at the protection film, a two-periodic S 
signal appears on each recording/reproducing face. Therefore, 
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in the prior art focus servo system, when the S signal at the 
surface protection film is detected by mistake, the focus servo 
is turned on at that part and the focus lead-in ends in a failure. 
Likewise, when the focus servo is turned on at the two-periodic 
S signal on the recording/reproducing face, it cannot be detected 
that the lead-in is performed on which one of the two faces . 
Therefore, it is very /difficult to reproduce information by 

* 

certainly selecting one of the two layers, i.e., an upper face 
or a lower face, and performing focus servo and tracking servo 
on the selected face. 
[0018] 

Further, in an optical head including a hologram element 
106 as shown in figure 1 in order to realize compatibility with 
a CD, images are formed on two focuses 107a and 107b shown in 
figure 1 . Owing to these two beams, at least six S signals appear 
in the FE.signal at each UP or DOWN of the focusing lens 5 during 
^ the lead-in operation as shown in figure 6. Further, when the 
surface deflection of the disk is large, the S signals interfere 

. s, 

■• >t 

with each other and becomes nonlinear. Therefore, it is almost 
impossible to learn the lead-in level by measuring the amplitudes 
of the S signals and perform focus lead-in operation by certainly 
detecting the face on which the focus lead-in should be 
performed . 
[0019] 

Furthermore, the eccentricity, the focus offset value, the 



r 
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tracking offset value, the focus gain value , the tracking gain 
value, and the focus error during the seeking vary for each 
recording/reproducing face. Therefore, even though these 
correction values are appropriately set for one face, 

/ 

considerable errors occur qh another recording/reproducing face, 
whereby the focus servo and the tracking servo become unstable. 

/ 

/ iV 

In addition, the focus error becomes significant during the track 

»■ 

seeking, so that stable seeking cannot be performed. 
[0020] 

The present invention is made to solve the above-mentioned 
problems in the prior art. An object of the present invention 
is to provide a high-speed and stable method for controlling 
the focus servo lead-in even when a dual-layer disk or a 
multiple-layer disk is used or when a head for irradiating the 
disk with a light beam has two focuses. In addition, another 
object of the present invention is to provide a highly reliable 

■ m * » 

* optical recording/reproducing apparatus which can secure 
sufficient performances of focusing, tracking, and track seeking 
for each layer, and which is suited for a large capacity 
dual-layer or multiple-layer disk. 
[0021] 

[Measures to Solve the Problems] 

According a first aspect of the present invention, a focus 
servo system comprising: focusing means for focusing a light 
beam on a recording medium having plural recording/reproducing 
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faces which are laminated; moving means for moving a focal point 

of the light beam focused by the focusing means in a direction 

substantially perpendicular to the recording medium face; 

focusing state detecting means for generating a signal 

/ 

corresponding to a focusing state of the light beam on the 
recording medium; initial lead-in face detecting means for 
driving the moving meaAs at the starting or resuming of the 
apparatus, and detecting a recording/reproducing face of the 
recording medium which is reached first by the focal point of 
the light beam when the focusing means goes away from the 
recording medium after approaching the recording medium or when 
the focusing means approaches the recording medium after going 
away from the recording medium; and focus control means for 
driving the moving means in response to an output signal from 
the focusing state detecting means and controlling the light 
beam so that the light beam is focused at an approximately fixed 
^position ori the recording medium, said focus control means being 

. \ . 

driven in response to a signal from the initial lead-in face 

"* 'i ■ 

*' 

detecting means. Therefore, the above object is achieved. 
[0022] 

According to a second aspect of the present invention, a 
focus servo system comprising: focusing means for focusing a 
light beam on a recording medium having plural recording/ 
reproducing faces which are laminated; moving means for moving 
a focal point of the light beam focused by the focusing means 
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in a direction substantially perpendicular to the recording 
medium face; focusing state detecting means for generating a 
signal corresponding to a focusing state of the light beam on 

the recording medium; focus control means for driving the moving 

/ 

means in response to an output signal from the focusing state 
detecting means and controlling the light beam so that the light 
beam is focused at an Approximately fixed position on the 
recording medium; and focus jumping means for driving the moving 
means by switching the state of the focus control means from 
an operation state into a non-operation state and moving the 
focal point of the light beam from a recording/ reproducing face 
to another recording/reproducing face on the recording medium, 
said focus jumping means comprising: accelerating/decelerating 
means for accelerating/decelerating moving speed of the focal 
point of the light beam on the basis of the signal from the 
focusing state .detecting means; and jumping lead-in means for 
f detecting "a recording/reproducing face of a moving destination 

on the basis df a prescribed level reached by the signal from 

*■ 

the focusing state detecting means, and re-operate the focus 
control means. Therefore, the above object is achieved. 
[0023] 

According to a third aspect of the present invention, an 
optical recording/reproducing apparatus comprising: focusing 
means for focusing a light beam on a recording medium having 
plural recording /reproducing faces which are laminated; first 



t 



-20- 

moving means for moving a focal point of the light beam focused 
by the focusing means in a direction substantially perpendicular 
to the recording medium; second moving means for moving the focal 

point of the light beam focused by the focusing means in a 

/ 

direction substantially perpendicular to the recording medium 
and the track; focusing state detecting means for generating 
a signal corresponding to a focusing state of the light beam 

» 

on the recording medium; track error detecting means for 
generating a signal corresponding to a positional relationship 
between the focal point of the light beam on the recording medium 
and the track; focus control means for driving the first moving 
means in response to an output signal from the focusing state 
detecting means and controlling the light beam so that the light 
beam is focused at an approximately fixed position on the 
recording medium; tracking control means for driving the second 
moving means in, response to an output signal from the track error 
f detecting ftieans and controlling the light beam so that the focal 

point of the light beam scans the track correctly on the recording 

• ■». 

»* 

medium; and focus jumping means for driving the moving means 
by switching the state of the focus control means from an 
operation state into a non-operation state and moving the focal 
point of the light beam from a recording/reproducing face to 
another recording/reproducing face on the recording medium; and 
further comprising: learning means for driving the focus control 
means and the tracking control means on each recording/ 
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reproducing face of the recording medium at starting of the 
apparatus, and learning and selecting a set value which is 
necessary in each control means; and storing means for storing 

the set value. Therefore, the above object is achieved. 

/ 

[0024] / 

According to a fourth aspect of the present invention, a 

J 

focus servo system comprising: focusing means for focusing a 
light beam on a recording medium having a track on which a concave 
signal and a convex signal in a pit part and a mirror part are 

recorded in advance; a first signal detecting means for detecting 

- * 

a signal increasing when the light beam focused by the focusing 
means is shifted toward a positive direction with relative to 
the recording medium; a second signal detecting means for 
detecting a signal increasing when the light beam focused by 
the focusing means is shifted toward a negative direction with 

f ,v'-, 

relative to the recording medium; first and second peak hold 

- means for pe^k holding parts corresponding to mirror parts of 

. \ 

the first and jsecond signal detecting means ; first focusing state 
detecting means for generating a signal corresponding to a 
focusing state of the light beam on the recording medium by the 
first and second peak hold signals; moving means for moving a 
focal point of the light beam focused by the focusing means in 
a direction substantially perpendicular to the recording medium 
face; and focus control means for driving the moving means in 
response to an output signal from the first focusing state 
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detecting means and controlling the light beam so that the light 
beam is focused at an approximately . fixed position on the 
recording medium. Therefore, the above object is achieved. 
[0025] 

/ 

[Functions] ,1 

A focus servo system of the present invention, at the 
starting or resuming of the apparatus, on a recording medium 
having two or more recording/reproducing faces, drives a 
focusing means up and down toward the recording medium by a movirig 
means, and performs lead-in to operate a focus servo by detecting 
a recording/reproducing face which is reached first by a focal 
point of a light beam when the focusing means goes away after 
approaching the recording medium or the focusing means comes 
close ;after going away from the recording medium, i.e., that 
an S signal appearing first in an FE signal has a prescribed 
level. Therefore, the focus servo system always leads the focus 

f servo in'the highest recording/reproducing face or the lowest 

m < 

recording/reproducing face of the recording medium, which 

\, ■ 

*■ 

enables to move the light beam to respective recording/ 

> 

reproducing faces on the basis of the led-in recording/ 
reproducing faces. 
[0026] 

Further, moving to each recording/reproducing face is 
realized by a focus jumping means. The focus jumping means 
switches the state of a focus control means from an operation 
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state to a non-operation state, applies an accelerating signal 
to the moving means, detects a position of the focal point of 
the light beam according to the level of the S signal on the 

4 

FE signal which is a signal output from a focusing state detecting 
means, switches a signal be added to the moving means from 
an accelerating signal to an decelerating signal, and drives 

* 

the focus control means when it is detected that the present 
position is in the vicinity of the recording/reproducing face 
of the target moving destination. Therefore, it is possible to 
securely move the focal point to the adjacent target 
recording/reproducing face . 
[0027] 

At this time, before the focus servo lead-in is performed, 
the amplitude of the S signal appearing when the moving means 

* * 

is moved up and down is measured, the gain is changed to be optimum 
for the amplitude to be detected, and the lead-in level for the 
amplitude is set. Therefore, it is possible to perform the 

lead-in or the moving to each recording/reproducing face by the 

*■ 

focus jumping, with high reliability. 
[0028] 

The optical recording/reproducing apparatus according to 
the present invention adds a tracking control means, a learning 
means and the like to the focus control means, learns the 
eccentricity, the offset values and the gain values in focusing 
and tracking on each recording/reproducing face, and when the 
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focal point is moved to a prescribed recording/reproducing face 
by the focus jumping means , selects and sets a set value 
corresponding to the recording/reproducing face of the moving 

destination. Therefore, it ,is possible to realize a stability 

/ 

of a focus servo and a tracking servo in any of the recording/ 
reproducing faces. 

/ 

[0029] / ,v 

Further, the focus servo system according to the present 
invention holds the respective peaks of a signal of the first 
detecting means for detecting a signal increasing when the focal 
point of the light beam on the recording medium is shifted to 
a positive direction and a signal of the second detecting means 
for detecting a signal increasing when the focal point of the 
light Joeam on the recording medium is shifted to a negative 
direction, and drives the moving means on the basis of the 
difference signal of the peak held signals to control the focus 
f servo. Therefore, it is possible to obtain the stable seeking 

performance by reducing the influences of a track cross to the 

■ i. 

*■ 

FE signal during the seeking to reduce the focus error. 
[0030] 
[ Embodiments ] 

Hereinafter, embodiments of the present invention will be 
described in detail with reference to the drawing. In the 
drawings, components having equivalent functions are shown by 
the same reference numbers. 



[0031] 

Figure 1 is a block diagram showing a structure for 
performing the focus servo lead-in operation by applying a DSP, 

according to an embodiment of the present invention. 

/ 

[0032] / 

As shown in the figure, a recording/reproducing apparatus 
according to the present invent ionv'comprises a light source 108 
such as a semiconductor laser, which is an optical system for 
irradiating a disk 101 as a recording medium with a light beam 
8, a coupling lens 109, a polarization beam splitter 110, a 
hologram element 106, a focusing lens 105, and a disk motor 102 
for rotating the disk 101 at a prescribed rotational speed- The 
light beam emitted from the light source 108 is collimated by 
the coupling lens 109- This collimated light beam is reflected 
by the polarization beam splitter 110, is passed through the 
hqlogram element 106, and is split into two beams. Then the two 
beams are^ focused by the focusing lens 105, forming two light 
beam spots so as to have two focuses 107a and 107b in the direction 
perpendicular to the surface of the disk- The respective light 
beam spots 107a and 107b irradiate the disk 101 which is rotated 
by the disk motor 102. These two light beams are used according 
to base material thickness of the disk to be equipped. For 
example, when the disk is a CD having a thickness of 1.2 mm, 
the light beam 107b is focused on the recording/reproducing face. 
When the disk is a high-density disk having a base material 



thickness of 0.6 mm, the light beam 107a is focused on the 
recording/reproducing face. 
[0033] 

Further, the recording/reproducing apparatus according to 
the present invention is applicable to a one-layer disk having 
one reproducing face such as a conventional CD, as well as a 

* 

dual-layer disk in whi<zli two recor&ing/reproducing faces, one 
of which is a semi-transparent film, are bonded with a 20 - 60 
jim adhesive film like a sandwich as shown in figure 5(a), or 
an N-layer disk in which several microns thick 
recording/reproducing films are laminated and bounded as shown 
in figure 5(b) (in this embodiment, N = 4). 
[0034] 

This recording/reproducing apparatus further includes a 
* 

condenser lens 111 and a split mirror 112, both being elements 
for receiving a reflected light from the disk 101 . The reflected 
/light frqn^the disk 7 passes through the focusing lens 105, the 
hologram elemtent 106, the polarization beam splitter 110, and 

, y 
H i. 

the condenser lens 111 and is split into light beams 14 0 and 
141 in two directions by the split mirror 112. The light beams 
140 and 141 are input to a focus servo system which is constituted 
by a DSP 129, an A/D converter 123, and a gain change circuit 

121 and the like, and a tracking servo system which is constituted 
by the DSP 129, an A/D converter 124, and a gain change circuit 

122 and the like, respectively. 



\ 
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[0035] 

The tracking servo system comprises a two-element 
photodetector 116 , preamplifiers 117 and 118 , a differential 
amplifier 119, a gain change circuit 121 , a DSP 129, an A/D 
converter 123, a driving c/rcuit 131, and a tracking actuator 
103. 

[0036] / t y 

The light beam 140 split by the split mirror 112 is input 
to the photodetector 116. The photodetector 116 has a two light 
responsive parts C and D, and output signals from the respective 
light responsive parts C arid D are amplified by the preamplifiers 
117 and 118, respectively, and input to the differential 
amplifier 119. The differential amplifier 119 outputs a 
difference signal between output signals from the respective 
light responsive parts C and D, and this difference signal 
becomes a .tracking error signal (TE signal) for controlling the 
flight beajn on the disk 7 to correctly scan the tracks . The method 

for detecting^the TE signal is not restricted to a push-pull 

. /, 
• t. 

method as in the present invention. Other methods, such as a 

* 

three beam method, a phase difference method and the like may 
be used in the present invention. 
[0037] 

On the other hand, the focus servo system comprises the 
two-element photodetector 113, the preamplifiers 114 and 115, 
a differential amplifier 120, a gain change circuit 122, the 
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DSP 129, an A/D converter 124 , a driving circuit 131, and a focus 
actuator 104. The light beam 141 split by the split mirror 112 
is input to the photodetector 113. The photodetector 113 has 
two light responsive parts A and B, and output signals from the 
respective light responsive parts A and B are amplified by the 

k 

preamplifiers 114 and 115, respectively, and the amplified 
signals are input to th'e differential amplifier 120. Here, a 
knife edge detection method is realized by the condenser lens 
111 and the split mirror 112 and an output signal from the 
differential amplifier 14 becomes an FE signal. The method for 
detecting the FE signal is not restricted to the knife edge method . 
Other methods, such as an astigmatic method and an SSD (Spot 
Sized Detection) method, may be employed in the present 
invention. 
[0038] 

The gain change circuit 122 adjusts the amplitude of the 
FE signal- "to a prescribed amplitude (gain) in response to the 

amount of the /light beam corresponding to the reflectivity or 

** 

the like of the disk 101. Thereafter, the FE signal is converted 
to a digital signal by the A/D converter 124 and input to the 

DSP 129. 

[0039] 

Figure 2 is a block diagram illustrating the focus servo 
system and the focus lead-in system within the DSP 129 in detail. 
Hereinafter, the structure will be described with reference to 



figures 1 and 2 . The DSP 129 constitutes a digital control system 
internally and comprises a switch 201, a phase compensating 
filter 202, a gain changeable module 203, a switch 204, an S 

signal detecting part 205, a level judge part 206, a waveform 

/ 

generating part 2 07, and hold part 2 08. 
[0040] 

/ v 

The FE signal digitally converted by the A/D converter 123 

* 

is sent through the switch 201 which opens and closes a loop 
of the focus servo system to the phase compensating filter 2 02 
comprising an adder, a multiplier, and a delay element. The 
phase delay of the FE signal in the focus servo system is 
compensated by the phase compensating filter. Thereafter, the 
FE signal is sent through the gain changeable module 203 which 
switches a loop gain of. the focus servo system to the switch 
204 . The switch 204 opens and closes the loop of the servo system. 
Further, during. the focus servo lead-in, the switch 204 applies 
an UP/DOVJ'n" sicjnal for detecting a recording/reproducing face 
of the disk 101 by moving the focusing lens up and down to the 

t 

driving circuit 131 for driving the focus actuator. The FE 
signal which passes through the switch 204 is converted to an 
analog signal by a D/A converter 209 and input to the driving 
circuit 131. In the driving circuit 131, the focus control 
signal is subjected to appropriate current amplification and 
level change, whereby the focus actuator 104 is driven. In this 
way, the focus actuator 104 is driven so that the light beam 
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is always focused on a prescribed position of the disk 101. 
[0041] 

At the focus lead-in (when the focus servo is led in), a 

chopping wave shaped UP /DOWN signal is output by the waveform 

/ 

generating part 207, the B-C line of the switch 204 is turned 
on, the focus actuator 104 is driven by the D/A converter 209 
and the driving circuit/ 131, and the focusing lens 105 is moved 
upward toward the disk 101 and downward away from the disk 101. 
[0042] 

Figure 6 shows waveforms illustrating an FE signal, a driving 
signal, and relative positions of a lens and a disk having two 
recording/reproducing faces (hereinafter referred to as 
dual-layer disk) as shown in figure 5(a) when the lens approaches 
and goes away from the disk. As shown in figure 6, double 

S-shaped signals (hereinafter referred to as S signal) appear 

/- >>. . _ 

on. the FE signal which is obtained from the differential 

f amplif ieir^L20, or the gain changeable module 122 and the A/D 

<■ 

converter 124/ Learning is performed so that the amplitudes of 

»■ 

the S signals become constant, a prescribed level in the vicinity 
of the zero cross point (focus point) is detected, and the focus 
servo lead-in is performed. 
[0043] 

Describing further with reference to figure 2, the FE signal 
after the A/D conversion branches in the DSP 129 and realizes 
a focus lead-in learning operation. The disk 101 is rotated, 



the semiconductor 108 emits light, and the waveform generating 
part 207 outputs an UP /DOWN signal, thereby moving focusing lens 
105 toward the disk or away from the disk* At this time, in the 
S signal detecting part 205,, an amplitude of an S signal which 
appears on the FE signal branching after the A/D conversion 
during the close and away movement of the focusing lens is 
measured* When the measured amplitude is smaller than a 
prescribed amplitude, the gain change circuit 122 is controlled 
to reduce the gain. When the measured amplitude is larger than 
the prescribed amplitude, the gain change circuit 122 is 
controlled to increase the gain. Therefore, it is possible to 
make the amplitude of the S signal constant by the output after 
the A/D converter 124 . The FE signal including the S signal which 
is controlled by the S signal detecting part 205 and the gain 

change circuit 122 to have the prescribed amplitude is input 

s .vs. 

to the level judge part 206. In the level judge part, the input 

. •* ■ 

FE signal* is compared with a prescribed amplitude level (lead-in 
level). Aftei: the detection of the lead-in level, the switch 
201 is turned on and the A-C line of the switch 204 is turned 
on to close the focus servo loop, whereby the focus lead-in 
operation is achieved. 
[0044] 

The waveform generating part 207 generates an accelerating 
pulse and a decelerating pulse when the light beam spot moves 
from the first layer to the second layer, or from the second 
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layer to the first layer in a dual-layer disk. The accelerating 
pulse and the decelerating pulse will be described later • 
[0045] 

Hereinafter, a focus lead-in method in a dual-layer disk 

■ / 

according to a first embodiment of the present invention will 

» 

be described in detail. As a first example of the focus lead-in 
method , a method for performing the focus lead-in operation in 
a dual-layer disk comprising a thin base material (for example, 
0,6mm) with a light beam 105a will be described in this 
embod intent - 
[0046] 

Figure 7 shows a waveform illustrating the relationship 
between the FE signal and the UP /DOWN signal, i.e., a focus 
driving signal which is output from the waveform generating part 
207 at the actual focus lead-in operation. In the figure, the 
same alphabets as those in figure 6 designate the same positions . 
^Figure 8 is a flowchart for explaining the focus learning lead-in 

process which; is realized by the DSP 129. 

■ t, 

»■ 

[0047] 

When the recording/reproducing apparatus is turned on, the 
motor 102 is rotated. When a prescribed rotating speed is 
reached in the disk 101, the semiconductor laser emits light 
and the focus lead-in operation starts. 

[0048] 

In step 1 in figure 8, the waveform generating part 207 
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generates a chopping wave signal which moves the lens up and 
down, and the chopping wave signal is sent through the switch 
204 and the D/A converter 209 to the driving circuit 3. The 
driving circuit 3 drives the focus actuator 3 6 so that the 
focusing lens 5 moves upward to the point H nearest to the disk 
as shown in figures 6 and 7. At this time, the focal point of 
the light beam 105a is/positioned/above the recording/ 

* 

reproducing face LI of the second layer which is a upper layer 
of the disk. 
[0049] 

When the focusing lens 105 reaches the nearest point H, the 
focusing lens 105 is then moved downward away from the disk 101, 

* 

and an FE signal is sampled at that time in steps S2 and S3. 
As shown in figure 7, when the focusing lens 105 is gradually 

i 4 

moved downward, the focal point of the light beam 107a which 

is nearer to the lens reaches the recording/reproducing face 

• ■ • * 

fof the sedond layer Ll of the disk at a point I. An S signal 

4 

Q2 corresponding to the Ll face appears in the vicinity of the 

, y 
■ U 

point I . 

[0050] 

There are various methods for measuring an amplitude of the 
S signal Q2 . For example, the FE signal is continuously sampled, 
a maximum value or a minimum value is obtained by comparing the 
respective sampled values of the FE signal, and an amplitude 
of the S signal Q2 is easily obtained from the maximum value 



-34- 

or the minimum value. Further, in order to prevent the precision 

of the sampled FE signal from being degraded by circuit noise, 

or noise due to an address part preformatted on the disk or due 

to scratches on the disk, the sampled FE signal is passed through 

a digital low-pass filter y^hich is constituted by a software 

» 

processing of the DSP 129, and a maximum value or a minimum value 
is obtained from the FE^ signal which has been passed through 
the digital filter. Thereby, the amplitude can be measured with 
high precision (step S4). 
[0051] 

When the measurement of the amplitude of the S signal Q2 
is completed, the lens is further moved downward and the FE signal 
is sampled (steps S5, S6, and S7). Since the distance between 
the second layer LI and the first layer L0 is about 40 microns, 
immediately after the light beams spot passed through the point 
I 'of the second layer, the light beam reaches the point J of 

^the first layer of tHe recording/reproducing face. An S signal 

< 

Ql corresponding to the amount of the light appears in the 
vicinity of the point J. The measurement of the S signal Ql is 
performed in a way similar to that of the S signal Q2 in step 

S8 . 

[0052] 

When the measurement of the amplitude of the S signal Ql 
is completed, the lens is moved downward to a point E farthest 
from the disk. Meanwhile, since the focal point of the upper 



light beam 107b crosses the recording/reproducing face, an S 
signal corresponding thereto appears in the FE signal. When the 
surface deflection of the disk is particularly large, the light 
beams 107a and 107b detect the recording/reproducing face at 

/ 

almost the same time, and tlie two S signals interfere with each 
other and become nonlinear. However, this portion is ignored, 
and the focusing lens .is moved downward to reach the point A 
farthest from the disk (steps S10 and Sll). 
[0053] 

When the focusing lens 105 reaches the farthest point A, 
the focusing lens 105 is again moved from the farthest point 
A toward the disk 101. Since the focal point of the upper light 
beams 107b crosses the recording/reproducing face first, an S 
signal ; corresponding to the focal point appears in the FE signal. 
When the surface deflection of the disk is particularly large, 
the light beams. 107a and 107b detect the recording/reproducing 
face at alraost the Same time, and the two S signals interfere 

4- 
\^ 

with each other and become nonlinear. So, it is difficult to 
accurately detect the recording/reproducing faces L0 and Ll with 
the light beam 107a. Therefore, during the upward movement of 
the lens, the detection of S signals is not performed and the 
focusing lens 105 is quickly moved up to the point H nearest 
to the disk again (step S12) . At this time, on the basis of the 
amplitude of the S signal Q2 of the second layer and the amplitude 
of the S signal Ql of the first layer, which are measured during 



the previous downward movement of the lens, an appropriate focus 
gain for each layer is calculated, and a set value of the gain 
change circuit 122 is stored in a RAM (Random-Access Memory, 
not shown in the figure) in the DSP 129. Further, an amplitude 
of the S signal at the changed gain value is calculated, and 
a value equal to 10 - 30 % of the amplitude is set as a focus 

* 

lead-in level. Thus calculated l£ad-in levels for the first 
layer and the second layer are also stored in the RAM in the 
DSP 129 similarly to the above-mentioned amplitude of the S 
signal (steps S13 and S14). 
[0054] 

Thereafter, a focus gain value and a lead-in level 
corresponding to the second layer LI which is detected first 
by the light beam 105a when the focusing lens 105 is moved 
downward from the point E nearest to the disk are set in the 
g^in changeable module 122 and the level judge part 207, 
respectively (steps' S 15 and S16). After the setting, the 

4 

focusing lens 105 is moved downward, the FE signal is sampled, 

•■ it ■ 

»■ 

and the sampled FE signal is compared with the set lead-in level. 
When the lead-in level is reached or exceeded, it is judged that 
the lead-in level is detected. Then, the UP /DOWN signal is 
stopped to stop the downward movement of the lens . And the switch 
201 is turned on and the A-C line of the switch 204 is turned 
on (i.e., FCON) to close the focus servo loop, whereby the focus 
lead-in is completed (steps S19, S20, and S21). In this way, 
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after the focus lead-in on the recording/reproducing face (LI) 
which is reached first by the focal point of the light beam, 
the light beam is moved toward a prescribed recording/ 
reproducing face adjacent to the recording/reproducing face LI, 
and signals are recorded iji or reproduced from this recording/ 
reproducing face. The method for moving the light beam will be 

4 

described later in thc'second embodiment • 
[0055] 

As a second focus lead-in method according to the embodiment, 
a method for leading in the focus in a disk having a conventional 
base material thickness ( 1'.2 mm) and a two recording/reproducing 
faces with the light beam 105b as shown in figure 1 will described • 
Even when the disk has a laminated structure comprising four 
or more layers, the only difference from a dual-layer disk is 

4 * 

that the number of the detected S signals increases by the number 
of the lasers. Therefore, it is possible to realize the focus 

^ lead-in in a way similar to the case of the dual-layer disk, 

<■ 

In addition, t ; he method is easily applied to a disk having only 
one reproducing face such as a CD by assuming that there is no 

* 

S signal of the second layer, i.e., a value of 0 is calculated 
and stored as data. 
[0056] 

The relationship between the FE signal at the focus lead-in 
and the UP /DOWN signal output from the waveform generating part 
2 07 is similar to that in the above-mentioned first focus lead-in 
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method as shown in figure 6. Therefore , the focus lead-in method 
is described with reference to figure 6 and figure 9 which is 
a flowchart for explaining the second focus lead-in process 
realized by the DSP 129. 

[0057] / 

As shown in figure 9, when the recording/reproducing 
apparatus is turned on, t,lie motor 10? Rotates . When a prescribed 
rotating speed is reached in the disk 101, the semiconductor 
laser 108 emits light. 

[0058] 

Thereafter, in step si, the waveform generating part 207 
generates a chopping wave signal which moves the lens up and 
down, and the chopping wave signal is sent through the switch 
204 and the D/A converter 209 to the driving circuit 131. And 
the fbcus actuator 104 moves the focusing lens 105 downward to 
the point ^farthest from the disk shown in figure 6. 

k : " [0059]. v 

4 

When the focusing lens 105 reaches the farthest point A, 

■ \, 

the focusing lens 105 is then moved up toward the disk 101 and 

* 

an FE signal is sampled at that time, in steps S2 and S3. As 
shown in figure 6, when the focusing lens 105 gradually moved 
upward, the focal point of the upper light beam 107b which is 
more distant from the lens reaches the first layer L0 of the 
recording/reproducing face of the disk at a point C. Then, an 
S signal PI corresponding to the face L0 appears in the vicinity 
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of the point C. 
[0060] 

In this case, the amplitude of the S signal PI is measured 

in the following process. That is, the FE signal similar to that 

j 

in the first lead-in metho4 is continuously sampled, a maximum 
value or a minimum value is obtained by comparing the respective 

* 

sampled values, and the^mplitude ai the S signal Pi is obtained 
from the maximum value or the minimum value. 
[0061] 

When the measurement of the amplitude of the S signal PI 
is completed, the lens is further moved up and the FE signal 
is sampled ( steps S5 , S6 , and S7 ) . In the case of this dual-layer 
disk, since the distance between the first layer LI and the first 
layer £0 is also about 4 0 microns as described above, immediately 
after the light beams spot passed through the point C of the 
first layer, the light beam reaches the point D of the second 
layer of >t l he recording/reproducing face. An S signal P2 

corresponding -to the amount of the light appears in the vicinity 

>■ 

of the point D. The amplitude of the S signal P2 is measured 
in a way similar to that of the S signal Pi in step S8. 
[0062] 

When the measurement of the amplitude of the S signal PI 
is completed, the lens is moved downward to the point E nearest 
to the disk. Meanwhile, the focal point of the lower light beam 
107a also crosses the recording/reproducing face, and S signals 
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Ql and Q2 corresponding to the light beams appear in the FE signal . 
When the surface deflection of the disk is particularly large, 
the light beams 107a and 107b detect the recording/reproducing 
face at almost the same time, and the two S signals may interfere 
with each other and become nonlinear. Therefore, this portion 

»" 

is ignored, and the focusing lens is moved upward to reach the 
point H nearest to the d/sk (steps §10 and Sll). 
[0063] 

When the focusing lens 105 reaches the nearest point H, the 
focusing lens 105 is. again moved away from the disk 101 from 
the nearest point H. Since the focal point of the upper light 
beams 107b crosses the recording/reproducing face first, an S 
signal corresponding to the focal point appears in the FE signal. 
When the surface deflection of the disk is particularly large, 
the light beams 107a and 107b detect the recording/ reproducing 
fac<£ at almost the same time, and the two S signals interfere 
with each Qther and become nonlinear. So, it is difficult to 
accurately detect the recording/reproducing faces L0 and Ll with 

... y. 

the light beam 107b. Therefore, during the downward movement 
of the lens, the detection of S signals is not performed and 
the focusing lens 105 is quickly moved down to the point H 
farthest from the disk again (step S12) . At this time, on the 
basis of the amplitude of the S signal Pi of the first layer 
and the amplitude of the S signal P2 of the second layer, which 
are measured during the previous upward movement of the lens, 



an appropriate focus gain for each layer is calculated, and a 
set value of the gain change circuit 122 is stored in a RAM (not 
shown in the figure) in the DSP 129. Further, an amplitude of 
the S signal at the changed gain value is calculated, and a value 
which exceeds amplitudes of m/nute S signals resulting from the 
reflection at the surface of the disk (which is equal to 10 - 
30 % of the prescribed amplitude) is se$ as a focus lead-in level. 
Thus calculated lead-in levels for the first layer and the second 
layer are also stored in the RAM in the DSP 129 similarly to 
the above-mentioned amplitude of the S signal (steps S13 and 

S14). 

[0064] 

At the same time, a focus gain value and a lead-in level 
corresponding to the first layer L0 which is detected first by 
the light beam 105b after the light beam 105b passes through 
the Surface; when the focusing lens 105 is moved upward from 
t*ne farthest"' point A are set in the gain changeable module 122 
and the level judge part 207, respectively (steps S15 and S16) . 
After the setting, the focusing lens 105 is moved upward, the 
FE signal is sampled, and the sampled FE signal is compared with 
the set lead-in level. When the lead-in level is reached or 
exceeded, it is judged that the lead-in level is detected. Then, 
the UP /DOWN signal is stopped to stop the upward movement of 
the lens. And the switch 201 is turned on and the A-C line of 
the switch 204 is turned on (i.e. , FCON) to close the focus servo 



loop, whereby the focus lead-in is completed (steps S19, S20, 
and S21). As similar to the first focus lead-in method, after 
the focus lead-in on the recording/reproducing face (LO) which 
is reached first by the focal point of the light beam, then the 
light beam is moved toward a prescribed recording/reproducing 
face adjacent to the recording/reproducing face LO, and signals 
are recorded in or reproduced from this recording/reproducing 
face. The method for moving the light beam will be described 
later in focus jumping of the second embodiment. 
[0065] 

By employing the first and second methods as described above, 
in an optical recording/reproducing apparatus according to the 
present invention which has two focuses corresponding to the 
disks of. different base material thicknesses, even when 
dual-layer or multiple-layer disks of different base material 
thicknesses^ are loaded in the apparatus, since the detection 
arid measurement of S signals, the gain change, and the lead-in 
level learning can be performed accurately by the upper and lower 
light beams corresponding to the respective disks, the focus 
can be led in the recording/reproducing face which is detected 
first, with high reliability. 
[0066] 

Next, an example of a focus jumping for moving a light beam 
from one recording/reproducing face to another recording/ 
reproducing face according to a second embodiment of the present 
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invention will be described with reference to figures 1 to 3, 
10 and 11. Here, figure 3 is a block diagram illustrating in 
detail the tracking servo system in the DSP 129 shown in figure 
1. Figure 10 shows waveforms of an FE signal, a positive and 
negative pulse signal FEJMP generated in the waveform generator 
and applied to the focus servo system, and a TE signal, when 
the focus jumping is performed from LO to Ll, and from Ll to 
LO. Figure 11 is a flowchart illustrating the focus jumping 
process realized by a DSP 122. 
[0067] 

When a focal point of the light beam is moved from the first 
layer LO to the second layer Ll, or from the second layer Ll 
to the first layer L2, as in above-mentioned focus lead-in 
process,, a pulse signal FOJMP is produced in the waveform 
generator 207 and applied to the servo system by a software 
processing within the DSP 122, whereby the focal point of the 
l*ght beam vis moved from a recording/reproducing face to 
. recording/reproducing face, i.e., focus jumping, is realized. 



[0068] 

For example, when the focus jumping f romLO to Ll is performed, 
initially, the switch 301 shown in figure 3 is turned off to 
turn off the tracking servo system (TROF) (step SI in figure 
11) . Then the B-C line of the switch 204 in figure 2 is turned 
on to hold a focus driving signal by the hold part 208 (step 



S2) 
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[0069] 

Next, an accelerating pulse AO of a jumping pulse (FEJMP 
pulse) is produced in the waveform generator 207 shown in figure 
2, and the accelerating pulse AO is applied through the switch 
204, the D/A 209, and the dri/ing circuit 131 to the focus 

i 

actuator 104 (step S3). The pulse width and the peak value of 
the applied accelerating pulse are set according to sensitivity 
of the focus actuator 104 and the surface deflection acceleration 
of the disk 101 . When a prescribed pulse is applied to the focus 
servo system, the focusing lens 105 moves upward, i.e., toward 
the face LI. With the upward movement of the lens, an S signal 
appears in the FE signal as shown in figure 10 (left side in 

the figure) . 
[0070] 

When it is detected that the S signal reaches the reference 
level' 0, i.e.':, when the zero cross level of the FE signal is 
detected ( step S4) , the gain set value of the gain change circuit 
. 122 is changed to a gain set value of the face LI (step S5), 
and the focus lead-in level is set to a focus lead-in level of 
the face Ll by the level judge part 206 (step S6), whereby the 
S signal and the lead-in level of the face Ll are accurately 
detected. Further, a decelerating pulse produced in the 
waveform generator 207 is applied (step S7) , as the accelerating 
pulse. By the decelerating pulse, a brake is applied to the 
focusing lens that is moving toward the face Ll. So, when the 
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FE signal reaches the lead-in level RO of the face LI, the moving 
speed of the focusing lens is almost the minimum, i.e., 0. At 
this time, the output of the decelerating pulse is stopped, and 
immediately the A-B line of the switch 204 in figure 2 is turned 
on to turn on the focus serve/ system, whereby in the vicinity 
of the lead-in level point ro', the focus is stably led in (steps 
S8 and S9). Thereafter, during the period of time from Ro to 
U0 in figure 10, it is cbnfirmed that the focus is normally led 
in, by the TE signal or RF signal exceeding a prescribed value 
(steps S10 and Sll). Finally, the switch 301 shown in figure 
3 is turned on at point U0 in figure 10 to turn on the tracking 
servo system, a prescribed block address is sought, and the 
processing is completed (step S12). 
[007.11 

The gain of the FE signal that changes the amplitude of the 
S signal, on' the face Ll and the lead-in level thereat set in 
the steps S5 and S6 are/learned during the above-mentioned focus 
lead-in and stored in the RAM within the DSP 122. Therefore, 
even when the amplitude of the S signal in the FE signal varies 
between different disks, apparatuses, or heads, the focus 
jumping can be performed stably against these variations. 
Further, the lead-in level at the focus jumping is calculated 
and set individually on the basis of the amplitude of the S signal 
and the focus lead-in level that are stored at the starting of 
the apparatus, with considering the lens moving speed during 
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the lead-in operation at the starting and the lens moving speed 
at the focus jumping, whereby the more stable focus lead-in is 



realized. 



[0072] 

For example, a maximum yalue or a minimum value of the 
amplitude of the S signal is stored in the RAM, and a level 
corresponding to a prescribed rate of the maximum value or the 
minimum value (preferably, 60 - 80%) is obtained as a comparator 
level. The maximum value of the S signal is detected by that 
the sampled FE signal becomes larger than the comparator level 
and thereafter smaller than the comparator level . Likewise, the 
minimum value of the S signal is detected by that the FE signal 
becomes smaller than the comparator level and thereafter larger 
than the. comparator level . When the maximum value is detected 
in this way, the accelerating pulse is stopped and the 
decelerating pulse is output. When the minimum value is 
detected; the decelerating pulse is stopped to turn on the focus 
servo system, 'therefore, the timing of acceleration and the 
timing of deceleration can be desirably changed by the comparator 
level. Especially, when the timing is appropriately quickened 
within a range of the performance of the focus actuator 104, 
unwanted positional deviation due to surface deflection of the 
disk is significantly reduced, so that the focus jumping can 
be performed at higher speed. 
[0073] 
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When the focal point of the light beam moves from Ll to LO, 
the FE signal and the FEJMP pulse have waveforms as shown in 
figure 10 (right side in the figure). Also, in this case, the 

focus jumping can be realized by the process similar to those 

/ 

described above. / 
[0074] 

As described above, the/peak values.pf the accelerating pulse 
and the decelerating pulse are set by the stability of the focus 
jumping in the consideration of sensitivity of the focus actuator 
104, surface deflection of the disk, vibration from the outside, 
and the like. Since the apparatus is normally set horizontally, 
the acceleration of the focusing lens 105 is +1G (G: 
gravitational acceleration) when the accelerating direction is 
upward. When the accelerating direction is downward, the 
acceleration is -1G. The peak value of the accelerating pulse 
AO of'the FOJUiP pulse is made larger than that of the decelerating 
pulse B0 of ,the FOJMP pulse when the focusing lens moves from 
. L0 to Ll. When the focusing lens moves from Ll to L0, the peak 
value of the decelerating pulse Bl is made larger than that of 
the accelerating pulse, and the difference becomes about 2G. 
[0075] 

When the apparatus is a horizontally and vertically setting 
type, a DC component of the driving current of the focus actuator 
104 after the turning-on of the focus control (FCON), i.e., a 
DC value at the input node of the D/A converter 204, is detected 
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and, according to the difference between the detected values, 
whether the apparatus is set horizontally or vertically is 
identified . According to the result , the accelerating pulse and 
the decelerating pulse are set at the optimum values for 
respective setting states . / 
[0076] 

Further, in the f irst/focus lead-^n method mentioned above, 
at the starting and resuming of the apparatus, the focus lead-in 
is performed first on the layer L0 of the dual-layer disk, that 
is, the recording /reproducing face nearest to the source of the 
light beam. So, when this layer is similarly regarded as an 
initial reference, the first focus jumping direction at the 
starting of the apparatus is decided. More specifically, the 
direction in which the focus servo is led in first and moved 
by the first focus jumping is always the direction away from 
the'Ll layejr of the dual-layer disk, i.e., away from the source 
of the light, beam. However, when recording/ reproducing face 
where the focus of the light beam is led in first is not a correctly 
detected face or when the focus of the light beam, which is led 
in a target recording/reproducing face, is undesirably jumped 
to another recording/reproducing face by accident, such as a 
shock from the outside, since there is no more 
recording /reproducing face in the prescribed focus jumping 
direction in the dual-layer disk as described above, the focus 
servo ends in a failure. In this case, however, the focus of 
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the light beam can be returned to the recording/reproducing face 
by resuming the apparatus. In case of a multiple-layer disk, 
the focus of the light beam can be moved in both directions by 
the focus jumping though it depends on the position of the 
recording/reproducing face whtere the focus is led in. After the 
focus jumping, a tracking is led in, and address information 
on the track is read, or /the focus of the light beam is moved 
to a prescribed information track, and layer information on the 
track is read, whereby it is confirmed that the present position 
is incorrect. Therefore, by performing the resuming of the 
apparatus or the correction jumping with the address information, 
the focus of the light beam can be returned to a prescribed 
recording/reproducing face. 
[0077] 

Furthermore, in the second focus lead-in method, at the 
starting or- resuming of the apparatus, the focus lead-in is 
performed first on the second layer Ll of the dual-layer disk, 
that is, the recording/reproducing face farthest from the source 
of the light beam. So, the direction in which the focus servo 
is led in first and moved by the first focus jumping is always 
the direction toward the first L0 layer of the dual-layer disk, 
i.e., toward the source of the light beam. Therefore, it is 
explicit to realize the focus servo by the same process as in 

+ 

the first focus lead-in method. 
[0078] 
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Next, as a third embodiment of the present invention, 
description of an apparatus which cancels defocus during seeking 
and realizes stable seeking is given with reference to figures 
1, 4, 13, 14 and 15. Figure 4 is a block diagram illustrating 
in detail a part of the optical disk apparatus for the peak hold 

,1 

processing of the FE signal and the focus servo in the DSP 122. 
Figure 13 is a cross-secti,onal view illustrating the positional 
relationship between the focusing lens 105, the light beam 107a, 
and the disk 101 for explaining the seeking process. Figure 14 
illustrates waveforms of F+ and F— signals before and after peak 
hold, respectively, and waveforms of an FEENV signal which is 
a difference signal of the F+ and F- signals, and an FE signal, 
when seeking is executed in the arrow direction in figure 13. 
Figure 15 is a block diagram illustrating an apparatus using 
the astigmatic method in this embodiment. 
'[0079] .s ' • . 

Because jot errors, in adjustment of optical elements, such 
as the photodet^ctor 113, track cross modulation signal levels 
of the F+ and.T- signals vary. Therefore, as shown in figure 
14, the FE signal, which is a difference signal of the F+ and 
F- signals, is adversely affected by the track cross due to the 
variation, resulting in defocus ing. Therefore, since a 
disturbance caused by the track cross is mixed during seeking, 
defocusing occurs, whereby the amplitude of the TE signal is 
reduced or the S/N ratio is degraded. As a result, counting of 
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the TE signal for detecting the position of the light beam in 
the track direction becomes impossible • Further, when the 
defocus is increased, focus skipping occurs, so that it becomes 
difficult for the focus to move to a target track. Therefore, 
high-speed and stable seeking is impossible. 
[0080] 

As shown in figure 1/ the F+ and F- signals, which are 
obtained from the photodetector 113 through the preamplifiers 
114 and 115 are subjected to peak hold by the peak hold circuits 
125a and 125b, that is, upper side peaks (peaks on the mirror 
side of the disk 101) of these signals are held, whereby signals 
F+PH and T-PH, which are not adversely affected by the track 
cross during seeking, are generated as shown in figure 14. The 
FEENV signal shown in figure 14 is obtained by measuring a 
difference between these two signals F+PH and F-PH by the 
differential' amplifier 126 • 
> [0081]. 

This FEENV Vsignal is put in the changeable module 127, 
wherein an optimum gain is set for the FEENV signal. Then, the 
FEENV signal is sent through the A/D converter 128 to the DSC 
129. Normally, the focus servo, the focus lead-in, and the focus 
jumping conventionally performed by the FE signal on the basis 
of the input FEENV signal can be realized by the aforementioned 
procedure, However, when influences by the track cross that 
appear in the FE signal are quite large and a focus jumping needs 
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su 



fficient response, a switch 401 operated by a software 



processing is provided after A/D converters 124 and 128 as shown 
in figure 4, and the B-C line of the switch 401 is turned on, 
whereby the input becomes the FEENV signal only during the 
seeking. / 

i 

[0082] 

Although the knife edge method is employed for detecting 
the FE signal, other detection methods may be employed in this 
embodiment. Especially in the case that the astigmatic method 
is employed for detecting the FE signal as shown in figure 15, 
since there is a tendency for the track cross to increase the 
influence, the effect of the FE detection using the astigmatic 
method is significant. 
[0083] 

Finally, a starting process of a multiple-layer disk 
acc6rding to a fourth embodiment of the present invention is 
described with reference to figure 16 by employing a dual-layer 
disk as an example, where the dual-layer disk is loaded in the 
recording/reproducing apparatus and reproduced by the lower 
light beam 107a. Figure 16 is a flowchart showing the process 
from starting of a disk motor to a responsible state (stand-by 
state) thereof. 
[0084] 

When the apparatus is turned on and the dual-layer disk is 
loaded in the apparatus, the disk motor 102 is rotated at a 
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prescribed speed (DMON) in step SI. Next, in step S2, the 
semiconductor laser 108 is oscillated (LDON), and the focus of 
the lower light beam 107a is led in the second layer LI of the 
dual-layer disk first by the aforementioned operation. In the 

t 

0 

state where the focus is led t in the second layer LI, a maximum 
point and a minimum point of a'sine wave shaped track cross signal 
appears on the TE signal diie to a decentration are detected to 
obtain a tracking offset value (asymmentry ) , and correction 
value TOF1 is calculated and stored (steps S3 and S4). On the 
basis of the values, a switch 304 in figure 3 is turned on to 
turn on the tracking servo (step S5). 
[0085] 

After the tracking servo is turned on, the TE signal after 

a switch 301 is captured at a prescribed period (for example, 

* 

16 points per 1 rotation) on the basis of a FG pulse from a FG 
generator 132 mounted on a motor 102, and an average of N 
rgtations is taken an£ stored in a decentration memory 3 06 
constituted by 'a RAM in the DSP 129. After the storage, TMl 
values in the decentration memory 306 are successively output 
in timing oh the basis of the FG pulse, and added to a tracking 
servo system in a composing circuit 304 to be subjected to 
feedforward compensation (step S6). Next, jitters or 
amplitudes of RF signals are measured in the DSP 122 (input lines 
of the RF signals or jitter signals are not shown in the figure) , 
and a focus offset value is calculated so that the jitter becomes 



appropriately minimum and the amplitude becomes appropriately 
maximum and stored in the RAM (step S7) . A disturbance is added 
to the focus servo system and the tracking servo system by a 
software processing in the DSP 129, the loop transfer function 

* 

signals are detected , a gain correction value FOG1 of the focus 
and a gain correction value TRG1 of the tracking are calculated 
by obtaining the loop transfer function signals, and stored in 
the RAM (step S8). After calculating and storing learning 
values of the servo system in the face Ll, the focal point is 
moved to the first layer LO by the aforementioned focus jumping 
FOJMP (step S9) . After moving , with keeping the tracking servo 
turning off (step 10), a TE offset value TOF0 is calculated in 
the face LO . In the same way as the second layer Ll , the tracking 
servo is turned on with reference to the TE offset value TOF0 
( step S12 ) , and the decentration correction value TMO is obtained 
on the basis>6f the FG pulse and the TE signal from a disk motor 
102. Thereafter, in the same way as the face Ll, an F0 offset 
value FO0, and an F0 gain value FOG0 and TRGO are calculated 
and stored separately in the RAM as values for the face LO (steps 
S14 and S15) • As described above, after the respective learning 
values of the faces LO and Ll are calculated, a prescribed track 
of a target layer is sought by a system demand (step S16). In 
this case, when the focal point moves from one layer to another 
layer by the focus jumping, stable focus performance and stable 
tracking performance can be secured in any of layers by judging 
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whether a target layer is the face LO or LI according to the 
information as to which of the layers the focal point moves, 
and setting a stored value of the RAM corresponding to each layer 
in a prescribed position of the focus servo system or the tracking 
servo system (steps S17, S18^ and S19). 
[0086] 

While the description of this e^ibodiment is given by 
employing a dual-layer disk as an example, this method can be 
easily applied to a disk having two or more layers by securing 
the RAM in the DSP where a learning value of respective layer 
is stored. 
[0087] 

Further, while the focus lead-in described by employing the 
first embodiment where the focus servo is first led in the face 
LI, it may be applied to the second embodiment where the focus 
servo is first led in the face LO. 

[0088]= >v 

As described above, this embodiment can be applied to a 

. s. 
' \. 

recordable/reproducible multiple-layer disk and a 
reproducing-only multiple-layer disk where a signal is recorded 
in advance, and any of apparatuses which can record or reproduce 
those multiple-layer disks. 
[0089] 

[Effect of the Invention] 

As described above, according to the control system and 
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control method of the recording/reproducing apparatus of the 
present invention, the learning of the amplitude of the S signal 
in case of a dual-layer disk or multiple-layer disk, the lead-in 
using the learning value, and the focus jumping are realized, 
and a stable performance can b& obtained. Further, defocus with 

» 

the track cross during the seeking is reduced by holding the 
peak of the focus signals^ and generating a focus error signal 

4 

and a stable seeking is realized. Therefore, a seamless 
reproducing or a high-speed recording/reproducing by a small 
memory is possible. 
[0090] 

Further, in each recording/reproducing face, the offset 

value, the gain value, and the eccentricity are learned, the 

correction value thereof is calculated, and the learning value 

* 

corresponding to a layer is switched at every passing through 
the "layer. ^Therefore, a stable focus servo and tracking servo 
performance, >,in any of; layers is realized, whereby a highly 

* * * 

reliable apparatus corresponding to a large capacity 

■ i* 

multiple-disk *is provided. 
[Brief description of the Drawings] 
[Figure 1] 

A block diagram illustrates a structure of a focus servo 
system and an optical recording/reproducing apparatus of the 
present invention . 
[Figure 2] 



A block diagram illustrates in detail a focus servo and a 
focus lead-in section. 
[Figure 3] 

A block diagram illustrates in detail a tracking servo and 

* 

an eccentricity correction section. 
[Figure 4] 

A block diagram illustrates in detail a focus servo peak 
hold section and a servo section thereof. 
[Figure 5] 

A model illustrates a cross-section of a dual layer and a 
multiple-layer disk of the present invention. 
[Figure 6] 

A diagram of waveforms shows a lens driving signal and an 
FE signal explaining the focus servo lead-in operation , and a 
diagram illustrating the position of the focus lens, 
[figure 7* j 

^ A diagram of waveforms shows a lens driving signal and an 

FE signal explaining the focus lead-in. 

. /. 

[Figure 8] / 

A flowchart shows a focus lead-in operation according to 
the first embodiment of the present invention. 
[Figure 9] 

A flowchart shows a focus lead-in operation according to 
the second embodiment of the present invention. 
[Figure 10] 



A diagram shows waveforms of an FE signal , a lens driving 
signal, and a TE signal when a focus jumping is performed. 
[Figure 11] 

A flowchart shows a focus jumping process. 

w 

[Figure 12] / 
A model explains a seeking for a dual-layer disk. 

[Figure 13] / 
A diagram of waveforms illustrates F+ and F- during of F+PH 
and F-PH produced by peak hold of F+ and F-, Fe as a difference 
of F+ and F- and FEENV as a difference of F+PH and F-PH. 

[Figure 14] 

A block diagram illustrates a circuit block in detecting 
an FE signal by an astigmatic method. 

[Figure 15] 

*■ 

A flowchart illustrates a starting process of the optical 
recdrding/reproducing apparatus loading a dual-layer disk. 
[ Figure ^6] 

A block diagram illustrates a structure of a prior art focus 

s' 

. /. 
" 1. ■ 

servo system. 
[Figure 17] 

A diagram of waveforms explains a prior art focus lead- 
in operation. 
[Figure 18] 

A diagram of waveforms explains a prior art focus lead- 
in operation. 
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[Figure 19] 

A flowchart illustrates a prior art focus lead-in operation. 
[Description of the Reference Numerals] 
6 . . .disk motor 
1 . . .disk / 

A 

k 

8 light beam 

12 . . .photodetector / 

14 . . .differential airiplif ier 

17... gain change circuit 

19... linear motor 

20... micro processor 

21 . . .core 

22 port 

23... phase compensation circuit 
24.-. .S signal detecting part 

2f5 UP /DOWN part 

-2 6... mot or control* 

27... laser control part 

* 

." '* ■ 

33 . . . switch* 

34... linear motor control circuit 

35... driving circuit 

3 6... focus actuator 

37... motor control circuit 

38 laser driving circuit 

101 . . .disk 
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102... disk motor 

103 . . .tracking actuator 

104 . . . focus actuator 

105 . focusing lens 

106 .. .hologram lens jf 

107... focal point 

108 ... semiconductor laser 

* 

109 .. .coupling lens 
110 .. .polarization beam splitter 
111 . . .condenser lens 
112... split mirror 
113 . . .photodetector 
114 . . .preamplifier 
115 . . .preamplifier 
116. . .photodetector 
^117. . .preamplifier 
> 118. . .preamplifier 

119... differential amplifier 

/ 

120 differential amplifier 

121... gain changeable module 
122... gain changeable module 
123 . . .A/D converter 

124 A/D converter 

125... peak hold circuit 

126 .. .differential amplifier 
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12 7... gain changeable module 
128 . . .A/D converter 
129,.. DSP 

130 . . .driving circuit 

^ * ■ • ■ * 

131 . . .driving circuit > 
132 . . .FG generator 

/' 

201 .. . switch / 
202 . . .phase compensating filter 
203... gain changeable module 
204 . . .switch 

205... S signal detecting part 
206... level judge part 

2 07 .. .waveform generating part 
208 . . .hold part 

209... D/A converter 
301 . . . switch 

* * - ' * 

302... phase compensating filter 

3 03 . . .gain Changeable module 

y 
• t, 

304 .composing circuit 
3 05 . . .switch 

306 . . .decentration memory 
307... JMP pulse generating part 
308 . . .hold part 
401 .. . switch 



[Name of the Document] Abstract 
[ Summary ] 

[Object] To provide a control system which can realize focus servo 
lead-in in a dual-layer or multiple-layer disk having plural 
recording/reproducing faces a>t high speed with high reliability. 

[Construction] At the starting or resuming of an apparatus, when 
a focusing lens goes away from the disk after approaching the disk 
or approaches the disk after going away from the disk, an amplitude 
of an S signal appearing in an FE signal at every passing of a focal 
point of a light beam through each recording/reproducing face is 
measured, a gain of a focus detection system is changed so that 
the S signal has a prescribed amplitude, and an optimum focus 
lead-in level is set. Then, when the focusing lens goes away from 
the disk from a highest point or approaches the disk from a lowest 
point, the focus servo is performed on a recording/ reproducing 
face' which is reached first by the focal point of the light beam 

* * 

and the focus lead-in is completed. Thereafter, the focus servo 
is temporarily ktopped, the focusing lens is 

accelerated/decelerated on the basis of the level of the FE signal 
and the lead-in level set on each recording /reproducing face, and 
the focusing lens is moved toward the next recording/reproducing 

face. 

[Selected Figure] Figure 1 
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